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論　文　内　容　要　旨
The purpose of the present thesis is to clarifyspatial and temporal variations of electric fields inthe mag-
netosphere based on direct measurements of space electric fields･ The transient response of large-scale electric
fields to southward tuning of the interplanetary magnetic field (IMF) is clarified utilizing in-situ electric field
obseⅣations covenng a wide reglOn Of the magnetosphere in addition to ground-based obseⅣation data. The
coordinated measurements provide a clear evidence of rapid evolution of electriC fields and development of
the reglOn 2 current system in the magnetosphere-ionosphere coupling system. Statistical analyses of the spa-
tial structure of large-scale electric fields in the magnetosphere are conducted uslng a large amount of
Akebonoand Cluster spacecraR data･ The result is applied to investlgatethe influence on the behavior of the
rlng Cu汀ent and radiation belt particles.
Large-scale electric fields earthward of the inner edge of the electron plasma sheet show a quick response
simultaneously with southward tuning of the IMF･ A statistical study uslng 165 events of southwardand
northward tuming of the IMF conflrmS a Prompt response Within　5　min for 80% of events. A coordinated
observation of the electriCfield by the CRRES and Akebono spacecraft shows a simultaneous increase in the
dawn-dusk electric field･ It strongly suggests that the quick response of large-scale electric fields occurs in a
wide reglOn Or the inner magnetosphere･ A quick response associated with southward mmlng Of the IMF is
also identified in in-situ magnetic fields and ionospheric electric fields･ The concurrent response in the iono-
sphere and magnetosphere indicatesthat southward tuning of the IMF initiates simultaneous (less than 1 min)
enhancements of the ionospheric electric field, large-scale electric field in the inner magnetosphere, and the
cu汀ent System in me magnetosphere and ionosphere･
In contrast, a quick response of large-scale electric fields is not identified in the electron plasma sheet even
below the geosynchronous altitude･ A statistical study uslng the CRRES data reveals a large time lag or more
than 30 min until the response of large-scale electric fields･ Amplitudes of the electric field are slgnificantly
weakerthan earthward of the electron plasma sheet, and no obvious correlation is identified with the solar
wind electric field, whilethe electric field earthward of the electron plasma sheet well correlates with the
solar wind electric field･ Multipolnt Observations by the THEMIS spacecraftconfirmthat only the spacecraft
earthward of仇e electron plasma sheet measures a prompt response, and a time lag of ～10 min is identi丘ed
in the electron plasma sheet･ A similar time delay is detected in the nightside auroral ionosphere･ Ionospheric
electriC fields measured by EISCAT do not increase associated with southward tuming of the IMF. Even when
considering a ～10 min time lag, no one-toone correspondence between IMF variations and electric fields is
identified･ The remarkable difference in the response of electric fields indicates a presence of a diFerent mode
of the response of large-scale electric fields in the electron plasma sheet and magnetically conjugated auroral
ionosphere.
Lobe electric fields show a quick response to variations in the DP 2 current system governed by IMF BI,
similar tothe response in the inner magnetosphere earthward of the electron plasma sheet. The prompt re-
sponse in these two regions Can be explained by electrostatic mapplng Of ionospheric electric fields along the
magnetic field linesI It is noted, however, thatthe electriCfield is camied as AlfVen waves propagatlng be-
tweenthe ionosphere and magnetosphere･ Detecting Poyntingfluxes associated with AlfVen waves is essential
to prove the instantaneous energy transmission process viathe ionosphere･ The Cluster spacecraft inthe lobe
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measures field-aligned Poyntingfluxes propagating upward during the preliminary Impulse of a sudden com-
mencement･ waveguide equations are solved in order to estimate the amount of the Poynting mx propagating
丘omthe ionosphere･ The magnitude of the Poyntlngflux and time delay afterthe onset of the preliminary
impulse detected onthe ground, are quantitatively explained by the leakage of the Poymtingflux Bom the
ionosphere-ground waveguide･ The theoreti/Gal calculation supports the ideathat ionospheric electric fields are
transmitted toward the magnetosphere as upward Poymtlngfluxes carried by Alfven waves and alterthe
magnetospheric convection pattem･ Upward Poymtingfluxes are also observed associated with southward tum-
lng Of the IMF･ Transmission of electromagnetic energleS fromthe ionosphere toward the magnetosphere is
thusa common process for geomagnetic phenomena related to the global field-aligned current system1
0vershielding electric fields are directly observed by the CRRES spacecraft inthe aftemoon inner magne-
tosphere_ associated with DP 2fluctuations･ The dusk-dawnelectriCfield is associated with slow decay of the
region 2 field-aligned currents (FACs). Ground magnetometers aroundthe footprint of the spacecra氏repeatedly
detect depletions of the horizontal component of the magnetic field below the pre-disturbance level associated
with the dusk-dawn electric field inthe inner magnetosphere. The latitudinal profile of the ground magnetic
field reveals existence of subauroral ionospheric currentsflowlng WeStWard･ The reg10n 2 FACs measured in
the inner magnetosphere are possibly connected tothe ionospheric current, and act as a dynamo of the
overshielding electric field.
Spatial distributions of the large-scale electric field and potential inthe inner magnetosphere during geomag-
netic storms are investigated using a huge amount of the Akebono spacecraft data of 7 years between 1989
and 1995･ Our study covers 2 < L < 15 inthe whole magnetic local time range based on the direct measure-
ment data･ During the main phase, the dawn-dusk electric field is intensified especially ln a range Of 2 < L
< 5 wi也a maximum amplitude of 6 mV/m in the血skside, and a two-cell convection pattem w仙a poten-
tial difference of 180　kV is identified. Electric fields at these locations are much larger than inthe
magnetotail･ Inthe noon and midnight sectors of L < 4, the electric field is directed aom dusk to dawn; the
near-Earth reglOn is inthe overshielding state･ The shielding electric field is possibly due to the region 2 dy-
namo, which cancelsthe dawn-dusk convection electriCfield･ Overshielding electriC fields associatedwith the
reglOn 2 dynamo are more prominent during the recovery phase, since dawn-dusk electric fields due to the
reglOn 1 dynamo are slgnificantly weak･
A statistical study of an electric field pattem across the magnetotail during the southward IMF is performed
uslng the Cluster spacecraft data of 5 years between 200l and 2005･ The amplitude of electric fields in the
central plasma sheet is much weaker than the lobe electric field･ E, is positive and almost uniform, while
Ez has a four-sector structure･ A large Ez indicates that the cross-tail electric field is not only directed from
dawn to dusk but skewed toward the Z｡sM direction, The electric丘eld is not unifbm but larger in the flank
side than inthe midnight.While the cross-tail electric field is almost uniformin the lobe, the electric field
in the plasma sheet is localized in theflanks･ Equipotential contours mainly directed in noon-midnight in the
lobe skew towardthe dawn-dusk direction. This tendency of localized cross-tail potential drops is also
confirmed by THEMIS observations during a geomagnetic storm･
In order to evaluate the influence of large-scale electric fields on particle motions, slngle-particle trajectories
are traced for nng current particles and radiation belt electrons underthe statistical electric field distribution
inthe inner magnetosphere constructed uslng the Akebono data as mentioned above. Numerical calculations
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uslng a relativistic guiding center equation revealthat plasma sheet ions and electrons are quickly banspOded
toward ～4 RE Withan acceleration of more than one order of magnitude within 40 minutes due to the intense
large-scale electriCfield. The storm-time electric fleld also effectively contributes to the dynamics of the radia-
tion belt electrons. Electrons withinitial energleS Of some hundreds of keV at 5- RE are quickly decelerated
and escape out of the magnetosphere within 1 hour under the main-phase electric fleld. These panicles are,
on the other hand, energized more than 100 keV for 3 hours under the recovery-phase electric fleld･ The en-
ergy spectrum during the recovery phase of the October 9, 1990 geomagnetic stormobserved by the CR班S
spacecraftcan be reproduced without non-adiabatic accelerations or radial dithsion･ These results suggest that
the large-scale elect血fleld can slgniflCantly contribute to the enhancement of the outer radiation beltflux･
We propose the acceleration mechanism of relativistic panicles due to the inhomogeneityofthe large-scale
electric fleld during the recovery phase of geomagnetic storms･ The macroscopIC acceleration is a quite dif
ferent process from microscopic Wave-Particle interactions･
The response of large-scale electric flelds in the premidnight inner magnetosphere to sub-storms is investi-
gated uslng CRRES and THEMIS spacecraR data･ Large-scale electric flelds inthe plasmasphere increase
within 30 see after the substorm onset, and the onset of the electric fleld precedesthe local dipolarization and
panicle injection･ The elechomagnetic energy released during substorms instantaneously propagates toward the
inner magnetosphere, faster than fast-mode waves propagating across the magnetic fleldsI A prompt response
of the ion pressure and the following decrease inthe cold plasma densitysuppon the factthat the electric
rleld is enhanced just alter the substorm onset and drives accelerations of energetic ions and plasmapause ero-
sion. Two THEMIS spacecraftseparated at 3 RE detect a simultaneous response of large-scale electric flelds
associated with a substorm onset･ It precedes the arrival of the dipolarization and Pi 2 pulsations･ The
poymting nun associated with the onset of the electric fleld is dominantly directed upward alongthe magnetic
lleld lines. Thus,the large-scale electric fleld does not propagate from the magnetotail across the magnetic
field but from the ionosphere as Alfven waves･
A possible candidate of quick transmission of the electric fleld associated with southward tuming of the
IMF and substorm onset is the TMo mode propagatlng ln the ionosphere-ground waveguide･ FACs connected
to the ionosphere associated with the southward IMF and sub-storms, modifyionospheric potential distribu-
tions. Variations of ionospheric electric flelds are quickly transmi仇ed toward the whole ionosphere including
the subauroral zone. The electric fleld propagates into the inner magnetosphere alongthe subauroralmagnetic
fleld lines as AltVen waves, and alters the potential distribution in the irLner magnetOSPhere･ The present study
clearly demonstmtes the existence of this instantaneous energy transmission mode intothe inner magnetosphere
via the ionosphere.
This study presents in-situ observation results that the ionosphere acts as a channel to transmit electromag-
netic energleS Supplied as FACs toward a wide region in the magnetosphere-ionosphere system instantaneouslyL
Although electrostatic mapplng Of elecbic flelds betweenthe ionosphere and magnetosphere has been assumed
when discussing electric fields in the magnetosphere, the direct -evidence of the upward Poymtingflux shown
in the present study suggests an importance of electromagnetic coupling between the ionosphere and magneto-
sphere･ The present study also clarifleS that overshielding electric fields which have been deducedfrOm ground
magnetometer data are directly observed as dusk-dawn electric flelds and enhancements of region 2 FACs in
the irmer magnetosphere･ Moreover, 10nOSPheriC Hall currents associated with the reg10n 2 current system are
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identified from the analysis Of subauroral ground magnetometersI Detailed time variations inthe ionospheric
cu汀ent Will seⅣe as a remote-senslng tool to deduce spatial and temporal evolutions of the reglOn 2 cu汀ent
system. Particle traclng underthe storm-time large-scale electric field demonstrates that large-scale electric
fields slgnificantly contribute to accelerations of relativistic particles. In addition to the wave-particle interac-
tions, which are extensively discussed, particle motions under macroscopIC electric and magnetic fields should
be examined as a macroscoplC acceleration process of relativistic particles･
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論文審査の結果の要旨
本博士論文｢Evolution of convection electric fields inthe magnetosphere during geomagnetic storms and
substoms (磁気嵐およびサブストーム時の磁気圏対流電場の発達過程)｣の目的は,磁気圏電場の時空間
変動を宇宙空間での電場の直接計測により明らかにすることである｡
電子プラズマシートより地球側ではIMF southward tumingに伴い5分以内に電場強度が増大する様子
が見られた｡これに対し,電子プラズマシートでは電場の速い応答は見られなかった｡同様の時間遅れは
夜側オーロラ帯電離圏でも見られた｡これらの領域によるIMFに対する応答の違いは, 2つの異なる電
磁エネルギー伝送の機構が存在することを示している｡
Lobeの電場もDP2電流系の変動に伴いすぐに応答することがcluster衛星の観測から示された｡これ
らの領域での電場の高速応答は,磁力線に沿った電離圏電場の投影により理解できる｡しかし,実際には
その電場は磁力線に沿って伝搬するAlfven波により運ばれる｡ Lobe領域に位置していたcluster衛星は,
磁気急始のpreliminary impulseに対応して磁力線上向きのPoyntingfluxを観測した｡量的な見積もりを
するために導波管方程式を解いた結果, poynting fluxの大きさと時間遅れは電離層一地上導波管から磁気
圏へと流出するPoyntingfluxで定量的に説明できることが分かった｡この結果から,電離圏電場は
AlfVen波により磁力線に沿ったpoymtingfluxとして磁気圏に伝送され,磁気圏対流を変動させているこ
とが分かった｡磁力線上向きpoynting mlXはIMFsouthward tuming時の電場強度増大に伴っても観測さ
れた｡電離圏から磁気圏への電磁エネルギー輸送は,大規模沿磁力線電流を伴う地球物理学的現象に共通
して見られるものといえる｡
IMF southward tumingやsubstomの発生に伴う内部磁気圏電場の高速応答は,地上電離層導波管中を
伝搬するTM 0 modeが担っていると考えられる｡極域電離圏に流入する沿磁力線電流は電離圏の電場分
布を変動させる｡これは夜側サブオーロラ帯を含め電離圏全体にすぐに伝送される｡この電場はサブオー
ロラ帯の磁力線に沿い内部磁気圏へとAlfyen波として伝搬し,内部磁気圏の電位分布を変化させる｡本
研究では,電離圏を介した内部磁気圏への高速なエネルギー輸送モードが存在することを観測的に実証し
た｡
本研究では磁気圏電場の時空間変動を宇宙空間での電場の直接計測により調べ,電離圏が電磁エネルギー
の伝送路の役割を果たし,沿磁力線電流として電離圏に流入するエネルギーは電離圏一磁気圏結合系の広
い領域に瞬時に伝送されることを, poymtingfluxの観測を通じて示した｡電離圏と磁気圏の間の電場の伝
送は単純なmappingを仮定することで理解されてきたが,本研究の結果はpoynting nuxを介した電磁的
な結合が電場の時空間発展の解明に重要になることを表している｡
本博士論文は論文提出者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示し
ている｡したがって,西村幸敏提出の博士論文は,博士(理学)の学位論文として合格と認める｡
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